T form a single phylogenetic group. The taxonomic status of species and strains at issue is discussed.
Lactobacillus casei and related species include phenotypically and genetically heterogeneous strains able to colonize various natural and man-made environments (Vescovo et al., 1995) . Many strains are currently employed as probiotics or mixed cultures for dairy products. Despite its importance for the food industry, the taxonomy of the L. casei group is still unclear. Historically, the systematics of the L. casei group have been problematic and adjustments have been introduced based on new taxonomic methods that have gradually become available. Initially, Hansen & Lessel (1971) designated strain ATCC 393 T as the type strain of L. casei subsp. casei on the basis of a few phenotypic traits. However, Dellaglio et al. (1975) found little homology between authentic strains belonging to the subspecies of L. casei and ATCC 393 T in DNA-DNA hybridization experiments. Based on such evidence, Collins et al. (1989) reclassified the majority of reference strains of L. casei subsp. casei, L. casei subsp. alactosus and L. casei subsp. pseudoplantarum as Lactobacillus paracasei. Subsequent DNA-DNA hybridization experiments and numerical analysis of total soluble cell protein patterns led to the proposal of designating strain ATCC 334 as the neotype for the species L. casei, with rejection of the name L. paracasei (Dellaglio et al., 1991) . The proposal was denied (Wayne, 1994) . Dicks et al. (1996) Nour (1998) proposed that 16S-23S and 23S-5S intergenic spacer region sequences might represent a useful alternative to 16S and 23S rDNA for establishing the phylogeny of closely related bacterial species, because of the higher sequence and fragment length polymorphism. Comparative analysis of the 23S-5S rRNA intergenic spacer regions of L. caseirelated strains was performed by Chen et al. (2000) . Their observations supported the request of Dellaglio et al. (1991) to replace strain ATCC 393 T with strain ATCC 334 as the neotype of L. casei subsp. casei.
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However, the nomenclature of L. casei-group species is still ambiguous, as demonstrated by recently published articles that indicate either ATCC 334 (Yoon et al., 2000) or NCDO 161 T (l ATCC 393 T ) (Swezey et al., 2000) as the L. casei type strain.
The recA gene has been proposed as a useful marker in inferring bacterial phylogeny (Lloyd & Sharp, 1993 ; Eisen, 1995) and has recently been used successfully to differentiate species of some bacterial genera (Kullen et al., 1997 ; Gruber et al., 1998 ; Smith et al., 1999 ; Mare! chal et al., 2000 ; van Waasbergen et al., 2000) . The aim of the present study was to elucidate the phylogenetic relationships between species and strains of the L. casei group as delineated by the recA gene.
The bacterial strains used in this study were
zeae LMG 17315 T and Lactobacillus sp. DF1, a strain isolated from a commercial probiotic product. Strains obtained from different culture collections were checked for purity. Strain DF1 was identified biochemically as L. casei by the API 50 CHL kit (bioMe! rieux).
The strains were grown aerobically in MRS broth for 16 h at 37 mC. Genomic DNA of lactic acid bacteria was extracted following the procedure described by Marmur (1961) . Three hundred ng chromosomal DNA from each strain was added to a 50 µl PCR mixture composed of 2n5 U RED Taq DNA polymerase (Sigma-Aldrich) in its buffer, 50 pmol each primer and 100 µM dNTPs. The PCR program was made up of initial denaturation at 94 mC for 5 min and 30 cycles of denaturation at 94 mC for 1 min, annealing at 55 mC for 90 s and extension at 72 mC for 1 min. Primers used for the amplification had the following sequences : 5h-TTYATHGAYGCNGARCAYGC-3h (forward primer, corresponding to amino acids 92-98 of the Escherichia coli RecA protein ; Dybvig et al., 1992) and 5h-CCWCCWGKWGTHGTYTCNGG-3h (reverse primer, corresponding to amino acids 206-211 of E. coli RecA ; Duwat et al., 1992) . The expected size of the amplicon was 360 bp. Because of the lack of amplification with this primer pair from L. rhamnosus LMG 6400 T and strain DF1, we designed an internal reverse primer (5h-ACTTTYTCMCGMAWCTGA-TT-3h) based on the sequences obtained for the other strains tested. The amplification program applied with this primer coupled with the above forward primer differed from the former program in the annealing temperature (50 mC). The expected size of the amplicon was 318 bp. Fragments of the expected sizes were purified from 2 % agarose gel by using the GeneClean kit (Bio 101), ligated in pGEM-T vector (Promega) and electroporated into E. coli XL-1 Blue. Plasmids were extracted from white colonies by the plasmid miniprep kit (QIAGEN) and the inserted fragment length was verified by agarose gel electrophoresis after digestion with AfaI (Takara). Sequencing of inserts was performed at Centro Genoma Vegetale-ENEA CR Casaccia (Rome).
The similarity of the sequences obtained to previously reported recA sequences was determined by a  search (Altschul et al., 1997) against major molecular databases. Moreover, the presence, in the putative translations of fragments, of Asp-100, Tyr-103, Asp-144 and Ser-145 further confirmed their identity because those residues are considered functionally important (Story & Steitz, 1992) . Regions of primer annealing were excluded from the analysis because point mutations were observed due to primer degeneration. Only homologous regions complete in all sequences were included in the analysis. The   program (Thompson et al., 1994) was used to align both nucleotide and putative amino acid sequences of the recA gene fragments.
In order to avoid misleading phylogenetic conclusions, different reference organisms were selected to be used as outgroups from those for which recA gene sequences have already been determined (Stackebrandt & Ludwig, 1994 (Felsenstein, 1993) on nucleotide sequences and  on putative amino acid sequences with the default models. Trees were inferred from the matrices using the  program in , which implements the neighbour-joining method of Saitou & Nei (1987) . In order to improve the accuracy of phylogenetic estimation with this outgroup, we produced trees with different methods (Kim, 1993) . A phylogenetic tree from gene sequences was also constructed with the  (maximumlikelihood) and  (parsimony) programs in  (Felsenstein, 1993) . Results obtained with all the tree methods were in agreement. Moreover, since it is known that the order of sequence alignment can influence the tree topology (Lake, 1991), we always selected the ' jumble ' option in program menus to test different sequence orders. Finally, in order to prove the reliability of tree topologies, a bootstrap confidence analysis on 1000 replicates was performed (Felsenstein, 1985) , generating a consensus tree. All the different methods tested produced the same topology of the tree. The tree obtained with Bacillus subtilis as the outgroup is reported in Fig. 1 . The same classification scheme was obtained with nucleotide and amino acid sequences, but phylogenetic distances for the amino acid tree were shorter (data not shown), due to the masking of synonymous nucleotide substitution after translation. Fig. 1 shows that the phylogenetic distance between L. casei ATCC 393 T and L. casei ATCC 334 is greater than that between ATCC 393 T and the type strain of L. zeae. In contrast, the distances between strains of L. paracasei and L. casei ATCC 334 are virtually zero. These data are strongly supported by the bootstrap values reported. Because of the similar GjC content of the organisms considered, the differences in sequences are likely due Values in bold are K nuc values for 16S rDNA for the same species, as reported by Mori et al. (1997) .
to real evolutionary divergence ; we therefore focused our interest on recA nucleotide sequences.
K nuc values (Hori & Osawa, 1979) calculated for recA sequences and K nuc values for 16S rDNA as calculated by Mori et al. (1997) for the type strains are reported in 
Analyses based on the recA gene or RecA protein were in general agreement with those performed with 16S rRNA (e.g. Eisen, 1995) , thus validating the use of recA as a taxonomic marker ; on the other hand, it is plausible that the recA gene, which unlike 16S rRNA encodes a protein, can accumulate a greater degree of variability at the nucleotide level without modifying the product of translation substantially. Therefore, the recA gene can be proposed as a reliable marker for inferring phylogenetic\taxonomic relationships between closely related species because it is not completely free of mutation ; though the RecA protein has a fundamental role in the cell and mutations must not alter its function, point mutations that do not alter gene product activity are tolerated. Moreover, while the 16S rRNA is a unique analysable sequence, recA has a double potential : the amino acid sequence can be used to infer relationships between distant taxa without the disadvantages of rRNAs (e.g. Collins et al., 1991 ; Fox et al., 1992 ; Hasegawa & Hashimoto, 1993 ; Sogin et al., 1993 ; Cilia et al., 1996 ; Ueda et al., 1999 ; Gupta, 2000) and the nucleotide sequences can be analysed to separate closely related species.
The observations on recA K nuc values and phylogenetic inference complement the data on 23S-5S rRNA intergenic spacer regions (Chen et al., 2000) , 16S rDNA K nuc values and sequence signatures (Mori et al., 1997) , DNA-DNA relatedness (Dellaglio et al., 1975) and numerical analysis of total soluble cell proteins patterns (Dellaglio et al., 1991) in demonstrating that L. casei ATCC 393 T is not representative of the L. casei species.
The high genetic similarity between L. casei ATCC 393 T and L. zeae LMG 17315 T indicates that they are members of the same species. Moreover, L. casei ATCC 334 and the type strain of the species L. paracasei form a single phylogenetic group.
In an accompanying Request for an Opinion (Dellaglio et al., 2002) , we propose that the Judicial Commission consider that the strain ATCC 393 T is scientifically unsuitable as the type strain of the species L. casei. For strains belonging to the same taxon as strain ATCC 334 and NCDO 151, the species name L. casei has to be retained on the basis of its priority over L. paracasei. Consequently, the latter species, phylogenetically indistinguishable from many representative strains of L. casei, should be rejected.
